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Method and Apparatus for Repair of Defects in Materials yvith Short Laser Falser 

Field of the Invention 

This mveotion relates to the field of laser r^r of materials with structural 
defects and, more particularly, to a novel mediod and e^aratus far the repmr of 
5 mia^electronie or opto-electtonics devices with higji power short laser pulses, 

Bacl^roand of the Invention 

Using a laser b^m to tepak defective microelectronic devices is an important 
tedmology employed in semiconductor industries, e.g. laser repair of IC chips and laser 
repair of lithographic photomasks. Typically, a method of laser repair requires two key 
10 steps - locating defects precisely and controlling the laser beam to impact only on the 
places where defects are detected. Simple though fliese requirements appm, it is often 
difficult to achieve both. 

For example m repairing some electronic or optoelectronic de'dc^s, some defects 
and/or the effect of the defeds are not easily ideotiQed until tlie devices are activated. 

IS Since laser beam repair devices aStm operate on wafers to correct identified problems, 
activating mdividud devices is not a trivial tesk. One j^proach to activating devices 
kvolves the use of probes for powering the devices. Probes for toting inte^ted circuits 
withm a wafer are known in the art. Typically, when used, the probes are poati<med to 
power the device. A defect is detected and the power to the device is terminate. A las^ 

2D is used to repair flie defect. Hie probes are positioned agam, when necessary, for 
powering the device and the testing continues. Often the probes &m part of an imaging 
device and the laser forms part of anolb^ device. As such, tiie electronic devices need to 
be moved b^een devices. As is evident it is possible tiiat a single defect will require 
numerous iterations before being corrected. 

25 Because laser repair involves a process of verifying results of a repair operation, 

when the repair is performed in a non in-situ manner, repeatedly mounting and 
dismountmg the electionic de^ce is common. 

Conventioiml tesOT reptdr of micro electronic devices typically uses nanosecond 
laser pulses. Nanosecond laser pulses produce problems relating to relatively large heat- 
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aSected-zcm^ melting, mi melting related collateral damages. In many applications iMs 
deleterious situation can be circumvent^ by the accumte positioning of tiie laser. This 
residts in a kaown or pre dtietmined heat-infected zone permitting reasonable repair 
results; FcH* some iq>pUcations this approach codd be particularly md 
5 more precisely controlled if a melhod could be provided to provide feed back in real time 
during the rq>air... Unfortunately, such a system does not exist in the known art with 
nanaosecond lasers. 

Another shortcoming of nanosecond lasers when used in repairing electronic 
devices are plasma effects noticed when the laser acts on plasma formed during heating. 

10 Plasma effects can affect conductivity of the material and so forth. Thus, heating the 
plasma further may result in short circuits at a location proximate the repair or at a 
location of the repair. A short circuit results in heat dissipation within the electronic 
device which in turn results in fiirther heating and compounds the collateral damage to the 
device. It would be advantageous to provide a repair process for repairing electronic 

15 and/or optoelectronic device that :is operable wliile the device is powered. 

It is also advantageous to perfbnn in-situ t&pm such that the result of repair is 
monitored as it is heiag performed wilhout dismounting tiie device. 

Summary of flie Invenfioii 

According to the invention tiiere is provided a method of laser ablation from an 
20 electronic or (qito-electronic component comprismg the steps of: providing m elec^nic 
or opto-electromc componeo^ providing to tile component power and/or a signal to 
&dlitate id^tificatioQ of a regicm to be ablated; while maintaining pow^ and/or signal to 
the component aligning a laser having a short pulse duration of less than a nano-second 
vritfa a oompottMit fiom which to remove material; and, while maintaining power and/or 
25 signal to the component firing the laser having a short pulse duration of less tiian a nano- 
second at least once in order to remove material from the component. 

According to the invention there is also provided a method of laser ablation from 
an electronic or opto-electronic component comprisiiig the steps of: providing an opto- 
30 electronic or electronic com^nent; providing a low energy ali^anent beam projector for 
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(jyu'ecdng a low etiergy beam of lig^; providing a laser for delivefring 11^ pulses for 
which &6 width is sufficiently short and tiie int€»sity sufficiently high to removing 
materidi around a focsi le^on while minimizing p^pheial damage; aligmng the low 
&msy beam of light and Ihe light pulses; determinmg locations on tiie component for 
5 ablation of material Ihere&om; aligning the low energy beam of lig^ttoward the 

detrambied locations; while mdntaining alignment of die low merg^ beam of light, firmg 
Ihe laser to ablate material from a determined location from the determined locations. 

According to another aspect of the invention there is provided a system for 
ablating material from an electronic or opto-electronic component comprising: a detector 

10 for locating a location from which to ablate material; a high energy laser for delivering 
light pulses the width of which is suflFiciently short and the intensity sufficiently high to 
provide minimal substantial peripheral damage during material removal; a low energy 
alignment light source; a first optical path for receiving light from the laser and directing 
the light toward a focal point; a second optical path for receiving light from the low 

15 energy alignment light source and directing the light toward the focal point; a system for 
controUmg a pattern of the laser in the vicinity of an electronic component. 

Brief D^cription of the Drawings 

The invention will now be described with reference to the attached drawings in 
which like refaence numaals refer to like objects and in which: 

20 Fig. 1 is a block (Uagtam schcanaljcaUy illustrating a femtosecond laser rqpair system in 
accord with the presait mvention; 

Fig. 2A is a schemidc representation of the machmmg station and diagnostics of the laser 
repair system of Fig. 1, illusbating how alow average power, visible, alignment laser 
beam is overl^>ped co-linear with the fantosecond laser repah beam in accord with the 
25 pr^ent inventioa; 

Fig. 2B is a schematic representation of the machining station and diagnostics of the laser 
repair system of Fig. 1, illustratmg how a defect spot in a microelectronic device is 
located euid overlapped with the alignment laser beam in accord with the present 
invention; 
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Fig. 3 is a ssksmtSo grajdi ilinsftating how an m-situ of a iniQFoelectrQtiic ^vice, 
m {mrdeutar a fer-infrared quanfiim-well pholodetector integrated a light eimtdng 
^oiB, implemented in accord whii die present mvcaitiQn; 

Vi^AA'is m op&xi mlcn^ph of an msnplary sopace trench^ produced by (Ure(^ng 
5 femtosecond laser pidses onto a GaAs saa^le in accord wifli the present invention; 

Fig. 4B is a graph taken fhrou^ an atomic force microscope (AEBif) illusttaUng &e 
morphology of a comer of flie miaq taauAes produced by fenrtoseamd bser pirfse^ 
accord witii the present invention; 

Fig, 5 is anotiiffl: graph taken tivou^ an atomic force miorosct^e illustiating lbs . 
10 morphology of an exemplary aateriOTdu^ 

onto a GaAs sample at tiie same spot in accord wiA tiie present invention; - . . - 

Fig. 6A is fliB electroluminescent map of a pixel-less far-infrared quanftwi-well 
photodetector integrated with a light emitting diode showing the efifect of the preseiu» of 
defects - *1jot spots" as pointed by anows - before laser rqjair ia acewd nvitii tiie|Hesent 



Fig. 6B is the electroluminescent map of tiie same device shown in Fig. 6A after laser 
repair in accord with the present iavention - During repair, micro trendies of a few 
micron deep, and approximately 5 micron wide are produced by femtosecond laser pulses 



Fig. 7A is a ctOM-^ectiond Tww of a wmiponBrt 

Kg. 7B is a oos^^-sectional iritew of a cwnponent with a defect reiaired; and, 

Fig. 8 is a simplified diagram of an embodiment of fte toyaifion* 

Detefled DescriptiDn of fiie Invention 

For repairing powered dectronic devices, ti» use of nanosecond lasws is 
problematic. Because of the relaBvely largpheaNififected zone caused by tiie dqwsited 
energy of ananosecond laser pulse, plasma ^ects and unwanted melting are common. 
These effect areas of flie electronic device are coHatesal to tiieteieted arra and as sudl, 
fa turn, have a potwitial to cause ftrfter Aifects. The pcobtems are even mate s^ificant 
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vrim lbs electronic device is powered. For example, heating of collateral metal leads 
wiAin an integrated ciiciut during n^air results in some esq^ansion of those leads. The 
expansion may lead to increased capacitance betweai leads or to a short there between. If 
testing of the device is occurring during the repair pioc^ the increaised capacitance will 

5 diange the opoating charactraistics of Ihe device and may affect device Mure. Even 
more caiasbophic is a short which may jom two driven lines, pow and ground for 
example, and lesult in heating of the elecbnnic device eith^ about fiie repair or at oth^ 
unlcaown locations vnlhin the device. For this reason saA c^ws, it is not advisable to 
x&j^ an inte^-ated chcuit device with a nanosecond hsst during opraation of the 

10 integrated chcuit 

It has now been found that using short laser pulses in the form o^ for example, 
femtosecond laser pulses eliminates the above noted problems in repairing 
microelectronic devices. Under similar focal conditions, the extremely short time duration 
of femtosecond laser pulses enables them to have much higher intensity than nanosecond 

15 pulses. Besides the focusing in two transverse dimensions, the photon density of 
femtosecond laser pulses is optionally greatly increased by reducing the spread of the 
laser pulse along the third longitudmal dunension. It is therefore possible with 
femtosecond laser pulses to machine - to drill, scribe and cut - a material with much lower 
pulse energy and higher precision. The interaction between the ablated material and the 

20 remaining laser field, which is typical in the regime of nanosecond laser repair, is not 
present m substance in femtosecond laser use. Typically, because of the reduced energy 
of the femtosecond laser pulses and the extremely short duration thereof, there is 
insuflScient pulse to interact with product of tiie heating produced by the pulse within the 
time fiame of a smgle pulse, Iliis aiso conhibutes to a clean repair usmg femtosecond 

25 laser pulses. 

in U.S. Patent 5,656,186 issued to Mourou et al. On August 12, 1997 and 
mcorporated herein by reference a Method For CkmtroUing Ck)nfigunitibn of Laser 
Induced Breaisdown and Ablation is described using a short duration pulse laser. The 
basic disclosure relates to using sudh a short duration laser m order to ablate material with 
30 hi0i» precision to drill more precise holes having nmov/et wiAhs. The patent also 
relates to a m^od for detearmining a pulse width for achieving sdd goal. Though the 
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mefliod and device of Mpucou is fiinctional, it does not address the above noted problems 
in laser based ablation of electronic components. 

to contrast, the method of the invention enables effective repair of microelectronic 
devices with defects by in-situ short pulse ablation to either isolate defective areas from a 
5 remaindar of non-defe<*ive areas ot to elkunate a defect directly. 

An exemplaiy appli(»tion of thU invention relates to a sgigical repair of 
microelectronic devices, it is based on an aecaiate alignmwt of the defect with llie beam- 
Bactically, an all-optical meiliod to achieve this alignment is advis^le. 1hi$ method is 
well adq)ted for tiie smdl defects that have a low^ r^stivity tiian the rest of the device. 

10 As a result these defects act as local electric shimts, and depqading on the ^igh of tiiese 
devices, tibi^ can be observed as Mgjiter spots in a luminescence, electrptunun^^ce 
or/and thermal map of the «ijire device, lliese bri|^hter spots show up eiflier naturally, or 
the device is processed so tiiat the defects ^pear as bri^ or intense photon emitters 
when the device is powered or qypropaMely excited. For exmnple, sacrificial light 

15 emitting layers - semiconductor, polymer materials for instance - are deposited temporally 
onto tiie surfece of the devices to show the defect; layogenlc temperatures are ^ically 
employed to evidraice these defects. 

hi another embodiment, the present invention provides an apparatus for in-situ 
repakuig of microelectronic devices that includes a near-infrared laser amplifier for 

20 genwating single to multiple 50 femtosecond laser pulses; a computer controlled interfece 
system for synchronizmg firing and displacement of femtosecond laser pulses; an optical 
system and an imaiging device in the form of a CCD camera for example, for coUinearly 
overlapping the femtosecond laser beam with a low power alignment laser beam, and for 
monitoring the process of repair; a second imaging system having a larger field of view 

25 for locating the defects of the microelectronic device and overlapping the defect with the 
spot of an alignment laser beam; and fer exanunmg the resists of a i^ah* without 
dismountmg tiie device. 

Among ^e numeioas microelectronic devices that can be rqp^red witii the 
proposed faivention, the large area pixel-leK quantum-well infiared photodetector (QWIP- 
30 IJED) was found to be one of the most convenient to diBmonsb:ate tiie advantages of tiie 
invention. This device fimctions as a special imagmg device that maps a scene of mid/fef- 
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infrared mission to a near-infiared im^e. Without an addressing grid suwss the detector 
as most two-dimensional pixel ^e imaging detectors have, such a device has the great 
advances of simplicily, siq)aior spatial resolution, and bemg promidng for scaling to 
larger sizes. One of llie problems in making such devices because ihey are pixel-less - tiie 

5 whole device driven by a sbgle power source - is that the pteseaace of a defect affects the 
performance of the whole device. Dependhig on the extent of tiie de&ct(s), m some 
sibiations the effect of a defect is so devastadog that igie entire device is not usable. In 
such cases, a repair becomes very useful in order to increase yield thereby reducii^g costs. 
Laser puls^ are used to make micron-sized tienches around the defected spot so tiiat the 

10 defect(s) is deetrically isolated. For doing this, it is proposed 

system to pm pomt tfie defects and to deliver the precisely controlled laser ablation beam 
as required. 

Those skilled in the art will recognize that the same principles are equally 
applicable to the febrication of a device reqwring removal of material in a specific area to 
IS provide predetenumed device ftoctionaiity. 

More ^ecifically, tins section d^eribes the exemplary hnplemraitation of tiie 
mvention for the repair of fer-mfiared quantum-well photodeteetors nitegrated with light 
emittmg diode. Of course, die exemplary unplementation of tiie mvention is also usefol 
jfor mmiufecturing or repdring other electronic or opto-electronic devices. Preferably, it is 
20 used with miniaturised devices wherein precision and accura<y are essential. 

Referrmg to Fig. 1 there is shown a layout of a laser repan* system employing 
femtosecond laser pulses. Both the femtosecond laser pulse producer 1 and the machming 
station 2 are controlled by the computer 5 via an analog to digital two way, multi channel 
converter interface 4. Diagnostics 3 are optionally a combination of photodetector(s), 
25 imaging device(s), optical powenneter(s) and other optical sensors. The output signal of 
tiiese detecting devices are also sent to the computer 5 through the iatia^aix 4 for 
assistmg alignment; recordmg and/or andyzmg purposes. 

The femtosecond laser pulse producer! as described by 23iu et al (Applied 
Surfece Science, Vol. IS2, 138-148, 1999,) comprises a femtosecond lltsappWre 
30 oscillator, pidse stretcher, regenerative Ti:sapphire amplifier and pulse compressor all 
centered around 800 nm optica waveilengtii. The amplifier is controlled via the computer 
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5 to produce either sis^ or multiple pulses with a selectable pulse interval, or a 
CQntinuous pulse tmn at a given rep^on rate. Also, through using Ihe computer control 
prog^ the pulse duration is optionally adjusted continuously fiom 40 & up to IS ps, ibs 
pulse interval is variable finom, for example, one second down to 3 microsecondis 

s conespon<^g to a repetition rate of betwt^ 1 Hz to 3S0 kHz. Hie pulse samgy available 
for laser repwr is adjustable from zero to ov« 3 micro Joule by use of a neutrtU density 
optica attennatcu^s). Tlietypicd opaation parameters for laser repair described herein 
are pidsewidth: 60 fi; pulse interval: 10 ms; and pdse ener^^ at the sample surfose: 250 
nJ. Of course, oth^ operation parameters such as pulse duration may also be mcluded as 

10 operational {mrametos so long as their variation adiieves a result similar to variation of 
another operational parameter. 

Control of machining station 2 by computer 5 is for setting direction, step size, 
speed, axis of relative motion between the device to be repaired and the repair laser beam, 
All these parameters are entered via the computer keyboard and implemented by step 
15 motor driven translation stages. Of course, the parameters are enterable in other feshions 
such as from electronic storage, through processmg of images to automatically determine 
parameter values and so forth. Further illustration of Machinmg station 2 and Diagnostics 
3 in Fig. 1 are found m Fig. 2A, Fig. 2B and Fig. 3. 

To efiectively iqjair defects witii laser pulses and to uMnimize damage to nonr 
20 defective areas about a defect it is advantageous to pin point the defect with flie repair 
laser beam. Of oomse, sudi an impl^entation is costiy and a smgle laser for multiple 
uses is not preferred w*en two sin^ use lai^ are less e:q)ensive. Thus, in tiie 
qaibodiment of Fig. 2Aa low average powor alignmont laser beam is co-linearly aligned 
with the femtosecond repair laser hesan and is used to align tiie repair laser beam. The 
25 system overliqps the defect spot with tiie atigimient beam as illustrated in Fig. 2B. 

Referring to Fig. 2A, use of steering mirrors 1, 2, 3, and 4 facilitates the task of 
co-Iinearly overlapping the aligmient laser beam with the repair laser beam. The two 
beams are overlapped after merging at the front surface of the beamsplitter BS2. 
Beamsplitter BS2 has high reflajtivity for tiie lepak laser beam and sufBcient 
30 transmitivity for the alignmrait laser beam, an exemplary tj^e of which is a low power, 
632 nm He-Ne laser. 
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Hie focal lens jfor laser repm iffeferably a lOX miaroscope objective willi a 
focal lengifa of 1.6 eta, which I«ids to a focal q)Ot size of ~ 5 microns in diameter for flie 
repair las^ beam and a practical ^d manageable working distence. Pre&iably, m 
adjustable beam esepanda: (5 in Fig. 2A) for liie alignment bemn is used to control tiie size 
5 of the alignment beam such that its focal spot is conqM^le wiA or sli|^tly larger lhan 
that of the refpafir beam, and ttie focused wtdsts of the two beams is dso similar along the 
beam pmpagation cUrection. When this is the case, use of the alignment beam to pin point 
a defect tesults in very accurate placement of Ae repak hma. Altematively, the 
alignment beam is of a different size from the repair beam. 

10 As shown in Fig. 2A, the focal spot of the alignment beam on a sample surface 

(plane A) is imaged onto a CCD camera (plane A') through the image relay lens and 
displayed on a cathode ray monitor. Spatial overlap between the alignment laser beam 
and the repair laser beam is verified by drilling small holes on a thin metal foil with the 
femtosecond repair beam, and by looking at the change of He-Ne laser reflection on the 

15 CCD camera during ablation. An optical powermeter is placed behind the metal foil, e.g. 
a 25 micron thick aluminum foil. If the two beams are properly overlapped, a through 
hole made by firing a number of repair laser pulses will lead to maximum reading of the 
power of the alignment laser beam that passes through the hole. Without taking out the 
sample, a backward illumination of this through hole results in a picture of the hole 

20 shown on the monitor, which after proper calibration enables one to have an idea of the 
size and the shape of the hole, which is affected by the quality and the panraieters of the 
femtosecond r&pak laser beam. 

Fig, 2B is aftirthesr extension of Fig. 2A showing how defects of a microelectronic 
device m accurately located and aligned with &e alignment b^. This is adiieved by 

25 introducing a beamsplitter BS3 and a second set inciudhig an fanage relay lens, a CCD 
(chai^ coupled device array) cam^ and a CR monitor into the system. The proper setup 
of liie added ima$e relay lens 2 and CCD camera 2 allov^s a relatively largw field of view 
of flie front surfece of Ifae device to be i^aired. Any defects within this view are 
di^laj^d on the screen of the monitor 2. For convenience a zoom of a view of the defect 

30 is typically provided 1^ CCD eanaera 1, dependmg on the scale of flie defect. 

Alternatively, the zoom is provided a processor m communicdton with the CCD 
camera 1. With the two cameras having different fields of view, searching for defects is 
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Unas easier. The active opto-electronic device is mounted on translation stagM of X, Y, Z 
- tiiree axes. Movement of ibs device along X and Y durations cables tlie CCD camera 2 
to inuige the (aitire sur&ce area of tiie device where defects may occur. Also recorded by 
CCD camexa 2 is the reflection of tiie alignment laser spot on the device. Aligning the 
s alignment beam spot with a defect location is paiformed by carefully translating ttie 
device in tiie X and Y planes. 

Fig. 3 is a schematic graph illustrating an implementation of an in-situ repair of 
one type of microelectronic device, a far-inftared quantum-well photodetectors integrated 
witii light emitting diode (or, QWIP-LED). The GaAs-based quantum well device maps a 

10 far infrared image signal into a near infrared surface emission in a pixel-less manner, 
Crystallographic defects present in the device, however, physically reduce the local 
electrical impedance and thus lead to bright electro-luminescent emission or hot spots 
when the device is powered. These hot spots not only themselves lose their designed 
moping function but also affect neighboring areas within the device because of their 

15 significant drain of electric current and the resulting change of electric field distribution 
within the neighboring areas of the microelectronic device. A known approach to 
repairing the device is to effectively isolate these defective spots electrically from the 
neighboring area. 

In the laser rqpair method of the prescait invention, liie QWEP-UBD device is 
20 included inside a liquid nitrogen cooled cryostat with an optical window feeing the 
alignm^ laser beam vAMi has hem co-linearly aligned wilh the rq>air laser beam as 
described above. The LBD device is first brou^jht to the focus of the focal lens by 
translating the device and/or tiie fecal lens dong the laser beam (Erection (Z-axis), and by 
looldng ^ flie reflection of the dignmaat laser beam on CCD (arnera 1. The defects are 
25 liien located with tiie help of CCD cameoiZ. After proper alignment of a detected defect 
location witiitiiealigmn^t laser beam detected witii both CCD 1 aid 2, the 

repah" femtosecond laser is fired. Optiondly, eiflier tiie focrf lens or ^e device under 
repair is set into a pre- programmed motion. 

Fig. 4A is an optical miorograph of an exemplary 25 micron square trench 
30 produced by focusing (SO femtosecond, 250 nJ laser pulses onto the surface of a QWBP- 
LED device. The associated 1^ enei^ fliKnee m forming the trench is typically around 
1 J/<an^. In order to etch a continuous frendi like the one shown in Fig. 4A, tiie step size 

10 
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of Ihe focal lens movement is set at 2 microns, and at each position two femtosecond laser 
pulses are directed toward ftus QWiP-LED device. The writidg of fliis isolation square 
bench was i^peated 7 times to be certain tiiat tiie defect located inside Ifae square is 
completely isolated electricdly. Of couree, tiie optical detection of tiie OTor is also a 
5 useM indicator of tiie coropl^on of ai»pair. Sincetiie QWIP'-LED device is in a state 
for detecting defects using fljeCODs 1 and 2, tiiis detection process is optionally executed 
at intervals to ensure tiiat a rqiair underway is being performed adequately and cost 
effectively. 

Fig. 4B is a graph taken through an atomic force microscope (AFM) illustrating 
10 the morphology of a comer of the square trench produced by femtosecond laser pulses, hi 
order to completely cut off of the electrical path way of the defect from the surrounding 
area it is currently believed to be necessary that (1) the trench has a closed loop, namely, 
there is no gap between the startmg point and the ending point; (2) there are no rims high 
enough to effect ftmctionality and no debris of significant size inside the trench. To meet 
15 the first requirement, it is necessary to counteract backward motion of the translation 
stages driven by step motors. For example, this is implemented by proper control of the 
, motion of the translation stages, e. g. avoiding backward motion during the laser writing, 
or adding extra steps of the last line writmg that closes the loop. To meet the second 
requirement, the step size of the translation is set at 2 micron or less. Also, the energy 
20 fluence is carefiilly selected. Preferably, the energy fluence is around 1 J/cm^. Energy 
fluence either too low or too high is preferably avoided. Fluence that is too low leads to 
insufficient material removal requiring too many iterations. Fluence tiiat is too high 
increases the size of the area bound by the trench and Urn sacrifices non-defective 
surfeoe area of the device. 

25 Fig. S is anotiier gr{q>h taken through ian atomic force microscope illustrating the 

morphologjr of an exemplaiy crater produced by directing two focused f^ntosecond lasor 
puli^ onto the sur&ce of a GaAs jsemiconductor substrate. Use of femtosecond laser 
pulses at a selected energy fluMice of 1 J/cm^ jM^vides ablation without mijcture of 
different material phases. It also provides for littie damage to collateral areas - areas 

30 surrounding the locaiton of tiie ablation. Providing tiiat a defect has a lateral size small 
enou]^, instead of making trenches around tiie defect anotiier approach to repair tiie 
device is to focus femtosecond repair laser pulse(s) right on tiie defect $o tii^ ihe whole 
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defective arm is ablated. This approach is advan^oas due to repair efflciajey and 
reduced damage to non-defective ar^. Conversely, vtbssi {he detected defect is large, Ihe 
amount of ablation required to ranove the flaw is prohibitive. 

Fig. 6A is the electroluminescent pi(toe of an eight pixel-less far infrared 
5 quantum well photodetector LEDs showing flie effect of the presence of defects before 
laser repair. For LED #2, the two severe defect spots indicated by arrows completely 
short-circuit the device such lliat the rest of the device is not luminescent. The vertical 
and the horizontal cross section plots of the luminescent level shown on the left and the 
bottom of the picture further illustrate this observati(»i. Using the setup of Fig. 3, square 
10 shaped micro trm(die8 of a few mvaxm deep, and approximately 5 microM wide (such as 
those shown in Fig. 4A) are produced to electrically isolate the defective spots shown in 
Fig. 6A. 

Fig. 6B is the electroluminescent pi<*uie of tiie same devices shown in Fig. 6A 
s&sr laser repair accotding to Ae invention. All tiie bright spots shovm and indi(»ted in 

15 Fig. 6A are no longer present in Fig, 6B. Vassy are all eflfectively eliminated vnOi the 
laser-made micro trendies. The unifiirmity of the IJ2Demi»^^ is ftus noticeably 
improved. In particular, LED §2 is now rqwlred and emitting ligjit across the whole 16 
mm^ device area. Because the device was powered during the repair op^on, it is a 
straightforward task to det&mras when sufBcient ablation has been performed to correct 

20 tiie defoct. For example, once tiie LED is radiating above a predetermined lumhiance, 
ihm the repair piioce$s terminates. Alt^natively, the repak process does not rely on 
feiedback from the component in use. 

Referring again to Fig. 2B, it is r^gnized by those of skill in the art that 
ai^lication of hig^ power lasers to ablation of material is usually performed by focusmg 
2S die laser on tiie material. As the matraial is ablate^ tiie focus of the laser may no longw 
remdn on tiie surfiu» of the material being id}lated. la & lasers, tins is of particular 
concern due to their accuracy and localized effects. 

The system of Fig. 2B is designed to accommodate a CCD in Ime with both lasers 
and the point on the surface of the component affected by the high power laser in order to 
30 monitor numerous aspects of tiie process. For example, the ablation is monitored. 
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Atonattvely Edigcment of &e aligiment beam and &e Mgh power lasw beam is 
monttored. 

In an exemplary embodiment, focus of the high power laser on the surface of the 
component is monitored. This is performed by measuring the beam circumference 
5 detected to ensure that it is wilhin acceptable focus. As the component surface moves 
more than a predetermined distance form tiie preferred location, the laser beam is imaged 
larger - out of focus - by the CCD. An automated system to move the component or the 
fiwal point of tiie laser beam is used to optimize tiie focus. As such, very strai^t and 
muntw ablation is perfonned* 

10 Jt is Qotewoiiiiy tiiat by Reusing the laser beam onto the sur&ce of Die 

component, an accurate measure of the amoimt of materia ablated is determined. For 
example, if flie component snr&ce was originally m focus and now must be moved .01 
mm to result in a lasw beam that is properly focused, it Is detotnined that .01 mm of 
material has been ablated from the surface of the component. 

15 TVpically, holes drilled with a high power laser have a less than rectangular cross 

section with the bottom of the hole typically being somewhat rounded. Beam shaping is 
usefid in modi^ing the cross section of a hole in order to adiieve a more desired cross 
section. 

The use of fs lasers is also possible for heating and therefore modi^g a 
20 component below its surface. For atample, v/hsa visible li^t is used and llie component 
is optically transparent, the laser can be used to modify the component at a distance d 
below its surfece determmed by focusing fibie laser beam at tiiat distance below the 
sur&ce. 

Mcro-channcl devices are known in the nt. For example a microchannel 
25 amplifier relies on a cascade of electrons witiiin a microchannel and triggered by a single 
external electron imping^g witbin the microchannel. typically, in tiie maiu&cture of 
tiiese devices a low yield results. According to the invention, a metiiod is provided for 
repairing these devices during use and/or during febrication. 

Because tiie mvention allows m situ testing and repair of components, the 
30 invraition is applicable to use wifliin a mannfectufing prociMs. Whena component 
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comprises numerous layers, Ae process is implanented fi>r each layer to eliminide defects 
wi&in layers prior to proceeding to subsequent layers. Alternatively, the process is 
implemented after a predetermined numbea- of layras to detect and correct defects. 

Numerous olber embodimmte may be envisaged without departing fiom the spirit 
5 or scope of liie invaition 
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Claims 

What is claimed is: 

5 1. A mefliod of laser ahMon fiom a component comprising the steps of: 
providing ihe compoi^t; 

ptwiding at least one of power and a signal to the component to facilitate identification 
of an area to be ablaled; 

while maimainmg at least one of power and a signal to the component, aligning a laser 
10 having a diort pulse duration of l^s than a nano-second wifli the idaitified area of flie 
component to be ablated ; and, 

while maintaining at least one of power and a signal to the component, engaging the laser 
haviiig a short pulse duration of less iBian a nanosecond at least once in order to remove 
material fiom the electroidc or opto-electronic component 

15 

2. A method according to claim 1 wherein the component is one of M electronic and 
opto-electronic compcm^t. 

20 3. A method accor^ng to claim 2 comprising the steps of: 

while maintaining at least one of power and a signal to the component verif^dng 
component opraation about the defect to determine a status of the component about the 
defect; and, 

when the defect is still preseat and while mMntJuning at iMSt one of power and a signal to 
25 the component firing the lasw haraig a short pulse duration of less than a nano-second at 
least once in order to remove material fiom the component. 

4, A mdhod accordmg to claim 2 wherem the step of sdigning the laso- is paformed to 
align the laser to correct a defect, the aligned laser aligned for dilating material in order 
30 to elimhiate significant efEeets of the defect on cucuit operation. 

5 . A metiiod acconiing to claim 3 comprising the step of aligning fbs laser beam and the 
alignhig bemn. 
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6, A method accoiding to claim 5 wherein the step of digoing the laser beam and the 
aligning beam is performed unlil a suitable ovCTlap is achieved by iterating the steps of: 
directing and fbcusmg both of flie laser bwim and the aii^unent beam onto a thm sample 
to form a fii^ and second fbeal spot; 
5 determinmg the overlap between the first and second focal spot by capfimng reflected 
or/and transmitted 11]^ of the alignment beam fiom a structure madiined in ti^e &in 
isample by the laso- beam; and 

modil^g #gnment between the laser beam and the aUgnment beam. 

10 7. A method according to claim 6 wherein the thin $ample is foil. 

8 . A method according to claim 7 wherein the alignment beam is a laser b«m of low 
emrgy. 

15 9. A method according to claim 6 wherein the lasw is a higji energy laser fiw delivering 
light pulses fi>r which the width is sufBciently diort and the intensity sufBciently high to 
minimize peripheasd daiiu^ while still removing material around the re^on of focus. 

10. A meftiod accordmg to claim 6 wherein the laser is for producing femtosecond laser 
20 pulses. 

1 1. A method according to clrim 4 wheisan the step of aligningthe laser is performed by 
the steps o£ 

aligning the laser to correct the defect, the aUgned laser aligned for ablating material 
25 about a defect in order to isolate the defect ftom the remainder of the component. 

12. A method accoKHng to claim 1 wherein the laser is a W^ eneigy laser for delivering 
light pulses for which the width is suflSciently short and the intensity sufficiently high to 
mmimize peripheral damage while still removing material around the focal re^on. 

30 

13. A melhod according to oMm 12 wharein the laser is for producmg fantosecond laser 
pulses. 

14. A method accordhig to clam 13 wherein the componoit is a QWIP-LED. 

16 
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1 5. A mefliod accon^g to claim 1 wherein the laser pulse duration is below Ins and the 
pulse «ietgy is between 100 pJ and ImJ. 

5 16, A method oflaser ablation fiom an component comprising the steps of: 
providing an componoit; 

providing a low enorgy aligmnwit beam projector fer directing a low &asm beam of 
light; 

provicfing a laser for delivering li^it pulses for whic* the width is suffidentiy short and 
10 the intensity sufficientiy higji to removing material around a fixal region while 

minimizing periphonl damage; 

aligning tiie low energy beam of ligjbt and the ligiht pulses; 

determining locations on the component for ablation of material tiierefrom; 

aligning tiie low energy beam of lig^it toward flie determined locations; 
15 while maintaining alignment of tiie low energy beam of light, firing flie laserto ablate 

material from a determined location from the determmed locations* 

17. A metiiod accordmg to claim 16 whwdn step of aligmng the low tiers' beam of 
li;^t comprises flie st^ of focusing the low energy beam of light onto a target surfece 

20 location of tiie component 

18. A method accoiding to claim 17 wherein tiie locations are determined in dependence 
upon ddtsssted flaws in tiie conq>onait 

25 19. A mefliod according to claim 16 wherein tiie duration of flie Ught pulses is below I ns 
and tiie pulse energy is between 100 pJ and ImJ. 

20. A mefliod according to claim 19 wherein the step of aligning tiie low energy beam of 
light and flie ligiht pulses comprises flie step of: 
30 until a suitable overlap is achieved, iterating flie steps ofi 

directing and fbcusbig bofli of flie laser beam and the alignmeait beam onto a thin sample 
to form a first and second fbcal spo^ 
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detMmining the overlap b^een the first and second ifo^ spot by capturing reflected 
or/and transn^tted light of the alignment beam from a structure machined in Hie tWn 
sample by tiie laser hesm; and 

modi^g at^nment b^ween Hoe laser beam and the aligmnent beam 

5 

21. A system for ablating material from an electronic or opto-eleotronic component 
comprising: 

a deteclion system for locating a location from vAich to ablate material; 
a hi^ eni^ laser for delivering light pulses the widA of which is aifficieatly short fnid 
10 the mtensity suiGBciently hi^ to provide nummal substantial p^phmd damage during 
material r^oval; 

a low merar alignmait ligjit source; 

a first optical path for receiving light fix)m die laser and directing the ligjht toward a focd 
pom^ 

IS a second optical palli for receivmg light fi<om the low en«gy aligtmrait light source and 
directing tiie light toward the focal point; 

a system for coirtrollmg a pattern of tiie laser m the vicinity of a component. 

22. A system as defined in claim 21 wherein the detector comprises a detector for 

20 detecting photon emission fi«m tiie material when it is excited one of elecfrically and 
optically. 

23. A system as defined in claun 21 wherein the detector comprises a detector for 
measuring surfiu^emotpholog/ofasur&ce of die component 

25 

24. A system according to clska 21 comprising an actuator for movmg tiie high means 
lasCT beam relative to fee component. 

25. A system accordmg to chum 21 whiaein fee first and second optical pafe comprises a 
30 co-linear aUgrmient of fee high powa- laser wife low energy aligmnent li^t source. 

26. A mefeod accorcfing to claim 1 compriskig fee step of: 

detennining a distance of a sur&ce of fee component fixnn a focus point of fee high 
power laser by im^ng a beam m reflection fiam fee surfece of fee component; and. 
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adjusting the disteQ(» of the sur&ce of Uie component from the focus point of tibie hi|^ 
power laser by moving one of &e component and Uie focusmg optics. 

27. A method according to claim 26 vtiierein &s imaged beam is the hi^ power laser 
s beam and wherem die step of unagmg the high power laser beam in reflection is 

perforni^ during a stq> ablating material. 

28. A method according to claim 26 wh«:ein the imaged beam is die alignment beam. 

10 29. A me&od accordmg to clum 1 comprising the step o£ 

controlling the laser pattern projected onto the ccnnponent by one of. 

moving the focusing optics transvenseiy, 

moving the component traiisvasely, and 

shaping the pump beam befbie fbcusing it onto liie component. 

15 

30. A metiiod according to clum 26 wh^h llie meifaod is used during fiibrication of 
components before fliey are fiiliy fimctional and wh^etn the step of providing one of 
power and a signal to the component mvolves pirovi(ting one of power and a ^gnal to 
specific locations widun the component to identify defects therein. 

20 

31. A method accordmg to chum 1 v^erem the component is a micro-channei plate. 

32. A method accor^g to clahn 1 wherein the component is a micro-chfflmel plate 
during fiibrication tiiereo£ 

25 

33. A method accordmg to claim 14 v^erein die component is a micro-channel plate. 

34. A method accordmg to clahn IS ^erem the component is a micro-channel plate. 

30 35. A mediod as claimed m claims 1 wherein the component has defects on ite sur&ce. 

36. A method as clahned m cMras 1 wherein die component has defects below its 
smrfece. 

19 
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